Currently, a great attention has drawn by the academic world and industry to safe the environment. In Egypt, large amounts of by product waste, namely alum sludge (AS), is generated from the drinking water treatment (DWT) plant that must be discarded. A recent trend in such sludge management is transferring it to a valuable resource which is critically provides the environmental protection and sustainable development. On the other hand, sullage (graywater) wastewater is produced as a domestic wastewater that does not contain the toilet effluent. A crucial issue is to find a low-cost adsorbent for treating this waste for its final disposal or reuse. This study investigates the opportunity of integrating water treatment plant sludge waste into an adsorbent material. The main goal is converting sullage for non-potable purpose focusing on alum sludge adsorbent that is simple and economical adsorbent. Primarily, the collected alum sludge is dewatered and prepared as an adsorbent material. Moreover, the wastewater is subjected to the adsorption process after the sullage is exposed to a physical pre-treatment. A response surface methodology involving an experimental design was used to optimize the effects of sample stirring, pollutant load and adsorbent dosage on sullage waste treatment and obtained the optimum value of the three process variables. The adequacy of the model was verified effectively by the validation of experimental data. Additionally, the optimum results show that the sullage treatment is reached to 60% removal after 2 h of reaction time. The results presented that the drinking water plant sludge could be used in sullage treatment, helping in reducing both the impacts of water treatment plants and domestic sullage for further usage.
Introduction:
Due to urbanization, sullage is in increase day by day. Sullage or so-called graywater refers to the water disposed from sinks, showers, baths, laundry washing, food, dishes washing and kitchen utilities, however, does not includes the sewage or toilets water. Thus, sullage includes low loads of organic substances and nutrients than black water [1, 2] . Moreover, low loads wastewaters contain low concentration of detergent. Some of those detergents are in quite high loads of phosphates; consequently the detergent is a source of aquatic environmental deterioration. Until now, although restrict environmental regulations and laws on using this types of detergent, no impact dismissing the aquatic deterioration. Thus, efforts began to control this type of wastewater disposed to the aquatic environment [3] . Furthermore, treatment of sullage is also considered be a potential source of water that decreasing the demand on potable water supplies. Thus, recently, in the last years there is a great attention has been paid to reach to an economic way to treat wastewater [4] . Generally, there is a reasonable strong affinity for phosphate ion to mineral surface [5] . Hence, researchers focused on investigation of low cost adsorbents as fly ash and slag [6] , red mud [7] , goethite [8] and alum sludge [9, 10] in treating water containing phosphate. Alum sludge (AS) that is referring to the waste by-product which is in rich of aluminum hydroxide; produced from the drinking water treatment (DWT) plant as a result of using aluminum sulphate as a coagulant aid. In Egypt, alum sludge is disposed of without treatment to the natural waterway, i.e. River Nile or to the nearest site to the plant. Hence, such sludge contains high loads of aluminium which is toxic to the aquatic life [11, 12] . However, the dewatered alum sludge is rich with the amorphous aluminium ions makes it a valuable adsorbent for pollutant removal [13, 14] . This manuscript builds on our previous work [15] [16] [17] [18] [19] , which dealt with the conditioning and dewatering of alum sludge using different techniques. The current trend of sludge management is to convert the dewatered sludge into useful materials. Although a special concern has been gone to the management of alum sludge in recent years [9, 10, 16, 20] , as an adsorbent, its use remains in an early stage. However, according to the literature, there is a lack in publications in using alum sludge as adsorbent material for sullage wastewater. The response surface methodology (RSM) is a assembly of mathematical and statistical methods for designing experiments, estimating the effects of factors and searching optimum condition of factors for desirable responses [21] . The optimisation process of this methodology involves examining the response of the statistically designed variables, approximating the parameters by fitting it in a mathematical model that installs best the 
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experimental settings. Subsequently, predicting the response of the fitted model and examining the suitability of the model. Box-Behnken design [20, 22] is one of the most common designs for the principal of response surface methodology and applied in various experiments for optimization of its variables [15, 23, 24] . The global target of this study is to evaluate and optimize the effectiveness and capacity of low-cost adsorbent, alum sludge, for treating such sullage.
Materials and Methods:

Materials
Alum sludge is collected from the field site in Menoufia governorate in Shebin El-Kowm city, Egypt, treatment plant (400 L/sec). The sludge is dewatered and dried in a dry furnace at 105 °C for 24 hours, then the dried sludge cake is sieved for different particle sizes. The complete chemical composition of (WDAS) sludge is summarized in Table 1 . Sullage effluent used in this present work as the wastewater source was collected from a commercial laundry facility in the city of Shebin El-Kowm, Egypt. This laundry system is operated with a standard washing machine programme using a powder detergent. The sullage water obtained from the first wash cycle and from the final rinsing cycle with different COD loads. Samples were collected and analyzed before treatment. The main characteristics of this wastewater are pH 7.2, suspended solids 31-66 mg/L, COD (84-700 mg/L).
Methodology
Initially, eequilibrium uptake was investigated according to the preliminary work. The solution with the sludge was mechanically shaken for 2 hours. Thereafter, the samples were centrifuged at 400 rpm for 15 minutes to separate the sorbent material. Subsequently, the equilibrium concentration of the Chemical Oxygen Demand (COD) remaining in solution was determined using the standard methods [25] . The saturated isotherm can be represented as a linear form:
Where Co and Ce is the initial and the equilibrium concentration of the sullage COD load (mg/L), respectively, qe is the equilibrium COD load on the adsorbent (mg/g), V is the volume of aqueous solution (L), and m is the mass of dewatered DWT-AS sample used (g). The process steps are illustrated in Fig. 1 . Box-Behnken design with a 15 run is used as RSM tool that contains a three variables, namely, COD load of the wastewater, dewatered DWT-AS dose and sample-stirring rate. Ranges and levels of the natural and the corresponding coded values are presented in Table 2 .
The second-order polynomial equation model [26] to predict the optimum value of three factors can be stated according to Eq. (2):
Where  is the predicted response (COD removal rate, %) used as a dependent variable, i = 1, 2, 3 and j = 1, 2, 3;  0 ,  i ,  ii and  ij are the model regression coefficient parameters; and Xi is the input controlling coded variable. In addition, the natural variables of the operating system (x i ) were transferred to coded variables. Statistical Analysis System (SAS) [27] was used for analysis of variances (ANOVA). Three 3-D plots surface and contour plots (using MATLAB 7.0 software) were attained based on the effects of the levels of the three variables. Ultimately, the accurate optimum operating parameters were located using Mathematica software (V 5.2).
Results and Discussion
Mathematical Model building
A 15-run Box-Behnken design with three factors and three levels, including three replicates at the centre point, was used for fitting a second-order response surface. The three centre point runs were added to provide as a measure of maximum adsorption capacities (q max ) yield. The detailed experimental design includes the considerable variation in the process conditions was shown in Table 3 .
As can be seen from Table 4 the application of dewatered alum sludge had a positive effect in COD removal under all conditions evaluated, leading to a significant increase in the sullage treatment. Values in Table 3 were adjusted to a second-order polynomial expression including interactions as presented in Equation 3. Where f is the % of the COD removal by alum sludge; X 1 , X 2 and X 3 are the coded values of the operational variables COD load, adsorbent concentration and sample-stirring, respectively. The R 2 value provides a measure of how much variability in the observed response values can be explained by the experimental factors and their interactions. The value is always between 0 and 1. The closer the R 2 value is to 1.00, the stronger the model is and the better it predicts the response. When expressed as a percentage, R 2 is interpreted as the percent variability in the response explained by the statistical model. This ensured a satisfactory adjustment of the quadratic model to the experimental data. The comparison between the experimental and predicted data is given in Fig. 2. 
Model fitting and statistical analysis
Statistical parameters obtained from the analysis of variance (ANOVA) incorporating the lack-of-fit test for the reduced model of the pollutant removal is given in Table 4 . The analysis was done by means of the coefficient of correlation (R 2 ) of the experimental data and by means of Fisher's (F) test. The correlation coefficient is a measure of the goodness of fit between the model and experimental data. The F test is used to determine the significance of the regression coefficients of the parameters. The analysis of variance table is composed of the following columns: Source (the source of the variation); DF (the degree of freedom); SS (the sums of squares); MS (the mean squares); Fisher F values; Probability P values. The sum of the squares (SS) is the summation of the squares of the dependent variables. The mean squares (MS) column lists the mean squares, which are the sums of squares, divided by the degree of freedom. The F value is defined as follows:
F value = Between groups var iance Pooled var iance (4) In general, the larger the magnitude of the F and the smaller the value of P (the probability of exceedance of F) the more significant is the corresponding coefficient term. The model is significant when the P-value is less than 0.05 [26, 27] . Since R 2 always decreases when a regressor variable is dropped from a regression model, in statistical modeling the adjusted R 2 , which takes the number of regressor variables into account, is usually selected [27] . Based on the lack-of-fit analysis, the second-order response model appeared to adequately fit the data. The R 2 coefficient gives the proportion of the total variation in the response variable explained or accounted for by the predictors (X's) included in the model. In the present study, the adjusted R 2 ranged from 96.36 (for MB colour removal) which mean the satisfactory adjustment of the model to the experimental data. The P-values were used as a tool to check the significance and this model explains about 98.7% of the data variability. The measured and the predicted data 
Response surface plotting
In order to gain a better understanding of the results, the graphical interpretation of the interactions of the predicted model is presented in Fig. 3 (a, b, c) . The three-dimensional response surface plots of the regression model are highly recommended. By fixing one parameter at its zero level, it was possible to graphically represent the relationship between the percentage colour removal and the other two independent variables using MATLAB 7.0. RSM optimization tests confirm that alum sludge adsorption process could enhance the COD removal in sullage capacity under the optimum conditions.
Validation of the model
One of the primary objectives of the present study was to find the optimum process parameters for maximizing the adsorption process. In order to verify of the model developed, 3 more experiments were performed to verify the optimum process parameters (Table 5) for maximizing the adsorption process. Under these conditions, the predicted adsorption capacity was 60% which was in good agreement with the experimental value of 61%, which thus proves the validity.
Conclusion
In this study, response surface methodology involving an experimental design was used to optimize the sullage treatment. 
